We have studied three binary stellar systems KR Cyg, V382 Cyg and BX And, which are eclipsing variables of the β Lyrae -type. We have studied the phase curves and O-C curves. The forms of their O-C curves are sinusoidal with a trend, so we made the conclusion that the periods of binary systems change periodically and we suppose that the systems have third components that do not take part in the eclipses, but produce a periodic light time eect, as the inner eclipsing binary rotates around the common centre of masses of the triple system. For the analysis, we used data published in the AAVSO and NSVS databases, as well as our own observations. For the O-C curves, the data were taken from the BRNO database, as well as from our own calculations of the moments of minima from the light curves. We determined secondary periods, calculated the minimal masses of the third components, estimated the mass transfer rate for the system V382 Cyg and corrected the ephemeris for these three eclipsing variables.
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We have studied three binary stellar systems KR Cyg, V382 Cyg and BX And, which are eclipsing variables of the β Lyrae -type. We have studied the phase curves and O-C curves. The forms of their O-C curves are sinusoidal with a trend, so we made the conclusion that the periods of binary systems change periodically and we suppose that the systems have third components that do not take part in the eclipses, but produce a periodic light time eect, as the inner eclipsing binary rotates around the common centre of masses of the triple system. For the analysis, we used data published in the AAVSO and NSVS databases, as well as our own observations. For the O-C curves, the data were taken from the BRNO database, as well as from our own calculations of the moments of minima from the light curves. We determined secondary periods, calculated the minimal masses of the third components, estimated the mass transfer rate for the system V382 Cyg and corrected the ephemeris for these three eclipsing variables.
Key words: eclipsing binaries, β Lyr (EB) type, O-C curve, phase curve, semi-detached system introduction Three variables: KR Cyg, V382 Cyg and BX And drew our attention due to signicant shifts of minima of the phase curves in dierent cycles. The O-C curves corroborate this observation. The form of O-C curves was sinusoidal with a linear trend, so we made the conclusion that the periods of these binary systems change cyclically. One of the processes that leads to such changes may be the motion of the close eclipsing binary system around the common centre of mass of the complete triple system (e. g. [10, 5] [3] . Detailed description of the methods were presented in [1, 2, 4] . Results of our analysis are given in Table 1 .
For the O-C analysis, we used the moments of minima, which we determined from the time series, and the published ones taken from the database of the Brno Regional Network of Observers (BRNO 3 ).
We also used the program MCV [3] to approximate the O-C curve and, by using the parameters of its linear trend, to calculate a more precise ephemeris (Table 2 ) than that given in the GCVS [6] , thanks to a larger volume of analysed data.
KR Cyg
GCVS ephemeris are given in Table 2 . Using photometric data, Sipahi [7] concluded that KR Cyg is a near-contact binary system with a large eective temperature dierence between the components. We have only primary minima of KR Cyg at the phase curve (see Fig. 1 ). This phase curve was built using our corrected ephemeris ( Table 2) .
We obtain the O-C curve using our moments of minima and the ones collected from the BRNO database, as described in the previous paragraph.
The O-C curve has a sinusoidal form with a superimposed inclined line (trend). Using the periodogram analysis with taking into account the linear trend,
we estimated a period of about 30000 days (about 80 years, see Table 3 ). Other authors [7] also found the quasi-periodic variation of the O-C curve with a period of about 76 years (about 27000 days) and * dtvardovskyi@ukr.net † v.marsakova@onu.edu.ua http://www.aavso.org/ http://www.astrokolonica.sk/joomla15/en/variable.html ! http://var.astro.cz/ocgate/ explained them as an impact of the third body in the system. The parameters of the close binary system were taken from [8] and were used for calculation of the mass of the third component. According to this article, in which the analysis of the radial velocity curves was made, the masses of the primary and secondary components are 2.88 and 1.26 M ⊙ , respectively.
The parameters of sinusoidal components in O-C changes are given in Table 3 .
V382 Cyg
The O-C curve is shown at Fig. 2 Due to the parabolic form of the curve, we made the conclusion that the increase of the period can be explained by the mass transfer from the less massive component to the more massive one [12] . We used the formula (e. g. [10] ):
to calculate the rate of mass transferṀ . HereṖ is the rate of period increase, and M 1 , M 2 are masses of stars in the close binary system.
After performing the calculations, we obtained the result:Ṁ = 6.1 · 10 −6 M ⊙ /year, which is in good agreement with the value of [12] . From this paper we took the masses of the components (27.9 and 20.8 M ⊙ ) and the orbital characteristics for our further calculations. We determined the period of the sinusoidal component of about 18700 days (see Table 3 ).
BX And
BX And also is known as a near-contact binary system with a large eective temperature dierence between components and with masses of primary and secondary components 2.15 and 0.98 M ⊙ , respectively [9] . The form of the O-C curve is also sinusoidal with a linear trend. We determined the period of approximately 27500 days (see Table 3 ). 
the third component masses
We also calculated the minimal mass of the third component in each system using the light-time effect. We consider the system where two components of eclipsing binary are close to each other and the third one has a much wider circular orbit (e. g. [10] ).
Its major semi-axis can be derived using the third Kepler's law:
where A is the major semi-axis of the third component relatively to the binary system, G is the gravitational constant; T is the orbital period of the third body (and the period of O-C changes), ω = 2π/T is the angular speed, M = M 1 + M 2 + M 3 , where M 1 , M 2 , M 3 are the masses of the components.
Law of the barycenter motion gives us the formula for the projection on the line of sight of the major semi-axis of binary system orbit relatively to the barycenter a 12 : Then we can obtain:
Then we tabulated mass of the third component (M 3 ) with a small step and calculated the angle of inclination of its orbit by these formulas (3, 4 and 5) . For tabulating, we have used the Excel tables.
Since the value of the sine of the angle cannot be more than 1, this gives us the limit of the minimal mass of the third component. results and conclusions
We have studied three eclipsing-binary stars:
KR Cyg, V382 Cyg and BX And. For these three systems, we made the conclusion on the periodical changes of the O-C (see Table 3 ) and suggested the presence of the third component in each of these three systems. The (O − C) values were approximated by a function
where R is (semi)amplitude of the long-period variations, P 2 is a long (secondary) period, and the initial epoch E max corresponds to the maximum of the cosine function. It may be converted to Julian dates as T max = T 0 + P 0 · E max , where T 0 is given in the second column of Table 2 . We also corrected the ephemerides taking into account the linear or parabolic trend of the O-C curves.
Results are presented in Table 2 .
As alternative hypotheses of the reasons leading to the periodic changes of the O-C, one may suggest e. g. the alternating transfer of masses (which seems physically not reasonable for the β Lyr-type stars, as in them only one component lls its Roche lobe, e. g. [10] ) as well as the pulsations of one of the components in the binary system (but there is no evidence for such high-amplitude oscillations at the light curves). 
